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(54) Polishing method and polishing apparatus using the same 



(57) A polishing method is disclosed of polishing the 
surface of a layer provided on the surface of a substrate 
having the surface configuration measuring step of de- 
tecting the surface information of the layer at a plurality 
of locations and obtaining the surface configuration of 
the layer, the film thickness distribution measuring step 
of detecting the film thicknesses of the layer at a plurality 



of locations and obtaining the film thickness distribution 
of the layer, the determining step of determining whether 
the surface configuration and film thickness distribution 
of the layer are within a preset allowable range, and the 
polishing controlling step of continuing or stopping the 
polishing on the basis of the result of the determination 
at the determining step. 
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Description 

This invention relates to a polishing method for chemically and mechanically polishing and flattening the surface 
of a substrate such as a wafer on which dielectric layers on the like are laminated in a semiconductor device manu- 
5 facturing process or the like and a polishing apparatus using the same, and is suitable, for example, in a lithography 
process for accurately detecting the termination point of the polishing step for an insulating layer (film layer) applied 
onto a silicon substrate, making the film thickness of the insulating layer fall within a predetermined range and efficiently 
performing the process of flattening the surface configuration of the insulating layer to thereby obtain a semiconductor 
device of a high degree of integration. 

10 in recent years, along with the higher integration of semiconductor devices, making the device structure three- 

dimensional has advanced together with making circuit patterns minute. If the numerical aperture of a projection optical 
system is increased to achieve the higher integration of semiconductor devices, the depth of focus of the projection 
optical system will become correspondingly shallow and it will become necessary to minimize the unevenness of the 
surface of a substrate such as a wafer on which wiring or dielectric is laminated, and to secure the depth of focus. 

is Further, along with the progress of the tendency toward multiple layers, the unevenness of the surface makes the 
formation of wiring patterns difficult and locally results in a reduction in reliability due to the thinning of the patterns. 
Therefore, it is important to polish the surface of the substrate such as a wafer on which wiring or dielectric layers are 
laminated, remove level difference portions or uneven portions to flatten the surface, and apply photoresist onto the 
flattened surface and projection-expose it to thereby achieve high resolving power. 

20 Also, it is an important requirement for making the irregularity of the inter-layer volume and the depth of VIA HOLE 

constant to polish the insulating layer provided on a silicon substrate to thereby provide a layer of a uniform thickness. 

A chemical and mechanical polishing method has heretofore been proposed as the flattening technique of removing 
the uneven portions or the level difference portions of the surface of a substrate such as a wafer on which wiring or 
dielectric layers are laminated and flattening the surface. 

25 in the chemical and mechanical polishing, it is necessary to appropriately control the polishing rate, the slurry 

density in polishing liquid, the temperature of the polished surface, etc. in order to make the polishing efficient. If there 
is a defect in this control, the insulating film provided on the silicon substrate will not assume a predetermined film 
thickness and the surface cannot be flattened, but it will become impossible to secure the depth of focus as previously 
mentioned or a reduction in the reliability of wiring will be caused, and the dishing phenomenon or the thinning phe- 

30 nomenon due to the polishing speed difference between the insulating film and the electrode wiring portion will occur, 
and the short-circuiting between via holes will also be caused. 

Therefore, when the surface of a substrate such as a wafer on which dielectric or the like is laminated is to be 
polished and flattened, it becomes important to appropriately judge the termination point of polishing and flatten the 
surface without removing the material of the lower layer. 

35 For example, a termination point detecting method of monitoring the film thickness and the surface configuration 

distribution of the surface layer of a substrate such as a wafer to be polished on which dielectric or the like is laminated 
at a time on the spot and grasping the level of the flattening of the whole surface or the localized flattening, and judging 
the optimum position for the termination of polishing becomes important in chemical and mechanical polishing. As 
polishing termination point detecting methods, there are, for example, a method of obtaining the amount of polishing 

40 from the polishing time, a method of obtaining a variation in polishing resistance from a variation in the electric current 
of a motor for driving a polishing stool, etc. 

As the method of detecting the termination point of polishing in the flattening of the surface of a substrate such as 
a wafer on which dielectric or the like is laminated by chemical and mechanical polishing, the method of obtaining the 
amount of polishing from the polishing time makes it necessary to constantly control conditions such as the pressure 

45 force to the surface to be polished, the degree of abrasion of a polishing pad, the slurry density in polishing liquid, the 
temperature of the surface to be polished, etc. and therefore, it is difficult to detect the termination point accurately. 

Also, the method of detecting a variation in polishing resistance from a variation in the electric current of the motor 
for driving a polishing stool makes it necessary to separate a signal waveform and noise from each other highly accu- 
rately and therefore, it is difficult to detect the termination point accurately and the local polishing situation of the surface 

50 to be polished cannot be detected. 

On the other hand, in the step of polishing the surface of a substrate such as a wafer on which dielectric is laminated, 
it becomes necessary in order to prevent the irregularity of the inter-layer volume and make the depth of via hole 
constant to flatten the surface so that the surface may enter the depth of focus of the projection optical system and to 
make the thickness of the insulating layer on the surface fall within a predetermined range. 

55 The present invention can provide a polishing method suitable for detecting, when flattening the surface of a sub- 

strate such as a wafer on which dielectric or the like is laminated by chemical and mechanical polishing, the surface 
configuration and film thickness distribution of an insulating layer provided on the surface, and using these values to 
precisely judge the termination point of the polishing step to thereby efficiently flatten the surface in the semiconductor 
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process and manufacture a semiconductor device of a high degree of integration and a polishing apparatus using the 
same. 

One aspect of the present invention provides a polishing method of polishing the surface of a layer provided on 
the surface of a substrate, characterized by: 

5 

the surface configuration measuring step of detecting surface information at a plurality of locations on the layer 
and obtaining the surface configuration of the layer; 

the film thickness distribution measuring step of detecting the film thicknesses at a plurality of locations on the 
layer and obtaining the film thickness distribution of the layer; 
10 the determining step of determining whether the surface configuration and film thickness distribution of the layer 

are within a preset allowable range; and 

the polishing controlling step of continuing or stopping the polishing on the basis of the result of the determination 
at the determining step. 

15 The polishing controlling step has the step of stopping the polishing when it is determined by the determining step 

that both of the surface configuration and film thickness distribution of the layer are within an allowable range. 

The polishing controlling step has the step of stopping the polishing when it is determined by the determining step 
that the surface configuration of the layer is outside an allowable range and the minimum film thickness of the layer is 
equal to or less than a reference value. 
20 The measurement by the surface configuration measuring step and the measurement by the film thickness distri- 

bution measuring step are simultaneously effected. 

The same portion of the layer is measured at the surface configuration measuring step and the film thickness 
distribution measuring step. 

One aspect of the present invention provides a polishing apparatus for driving the surface of a layer provided on 
25 the surface of a substrate and polishing means relative to each other to thereby polish the layer, characterized by: 

detecting means for detecting the surface information of the layer; and 

changeover means for selectively changing over one of the polishing means and the detecting means relative to 
the polished surface of the layer and disposing it in opposed relationship with the other of the polishing means and 
30 the detecting means. 

The detecting means has means for detecting the surface information of the layer at a plurality of locations simul- 
taneously. 

The polishing means has a plurality of partial polishing tools for polishing a portion of the surface of the layer 
35 The detecting means has means for measuring the surface location information and film thicknesses at a plurality 

of locations on the layer. 

The detecting means has distance measuring means for detecting the distance from the surface of the layer to a 
reference surface. 

The detecting means has film thickness measuring means for measuring the film thickness of the layer. 
40 The polishing apparatus has control means for determining from a signal from the detecting means by a determining 

portion whether the surface configuration and film thickness distribution of the layer are within a preset allowable range, 
and controlling whether to continue or stop the polishing of the layer on the basis of a signal from the determining portion. 

Another aspect of the present invention provides a polishing method of driving the surface of a layer provided on 
the surface of a substrate and polishing means relative to each other to polish the surface of the layer, characterized 
45 by the steps of: 

setting a reference surface at a position sufficiently longer from the surface of the layer than the film thickness of 
the layer; 

applying first and second light beams differing in coherent distance from each other from light source means to 
50 the layer and the reference surface; 

individually detecting the reflected light beam from each surface based on the first light beam and the reflected 
light beam from each surface based on the second light beam by detecting means; and 

obtaining the surface information of the layer from a signal from the detecting means, and controlling the contin- 
uation or stoppage of the polishing of the layer on the basis of the surface information. 

55 

The surface information of the layer is the surface configuration and film thickness distribution of the layer. 
The step of controlling has the determining step of determining whether the surface configuration and film thickness , 
distribution of the layer are within a preset allowable range. 



3 



EP 0 80S 266 A2 

The step of controlling has the step of obtaining the surface information of the layer from the difference between 
the intensity of the reflected light beam from each surface based on the first light beam and the intensity of the reflected 
light beam from each surface based on the second light beam. 

A further aspect of the present invention provides a polishing apparatus for driving the surface of a layer provided 
s on the surface of a substrate and polishing means relative to each other to thereby polish the layer, characterized by: 

a reference surface located at a position sufficiently longer from the surface of the layer than the film thickness of 
the layer; 

applying means for applying first and second light beams differing in coherent distance from each other to the layer 
and the reference surface; 

detecting means for individually detecting the reflected light beam from each surface based on the first light beam 
and the reflected light beam from each surface based on the second light beam; and 

control means for obtaining the surface information of the layer from a signal from the detecting means and con- 
trolling the continuation or stoppage of the polishing of the layer on the basis of the surface information. 

The surface information of the layer is the surface configuration and film thickness distribution of the layer. 
The control means has a determining portion for determining whether the surface configuration and film thickness 
distribution of the layer are within a preset allowable range. 

The applying means has a semiconductor laser of variable coherent distance. 

The control means finds the surface information of the layer from the difference between the intensity of the reflected 
light beam from each surface based on the first light beam and the intensity of the reflected light beam from each 
surface based on the second light beam. 

A still further aspect of the present invention provides a polishing method of driving the surface of a layer provided 
on the surface of a substrate and polishing means having a polishing pad of an area smaller than that of the surface 
of the layer relative to each other to thereby polish the layer, characterized by: 

the detecting step of detecting the surface information of the layer by detecting means provided on a portion of 
the polishing means; and 

the controlling step of controlling the continuation or stoppage of the polishing of the layer on the basis of a signal 
30 from the detecting means. 

The polishing means is movable in a plane parallel to the surface of the layer, and the detecting step has the step 

of detecting the surface information of the layer by the utilization of position information from position detecting means 

for detecting the position information of the polishing means in the plane. 
35 The detecting step has the step of detecting the distance from the surface of the layer to a reference surface and 

measuring the film thickness of the layer. 

The detecting step has the step of detecting the surface configuration and film thickness distribution of the layer, 

and the controlling step has the step of determining whether the surface configuration and film thickness distribution 

of the layer obtained from the detecting step are within a preset allowable range. 
40 Another aspect of the present invention provides a polishing apparatus for polishing the surface of a layer provided 

on the surface of a substrate having: 

polishing means driven relative to the surface of the layer and having a polishing pad of an area smaller than that 
of the surface of the layer; and 
45 detecting means secured to the polishing means for detecting the surface information of the layer. 

The polishing means is movable in a plane parallel to the surface of the layer, and has position detecting means 
for detecting the position information of the polishing means in the plane, and the detecting means utilizes the position 
information from the position detecting means to find the surface information of the layer 
50 The detecting means has distance measuring means for detecting the distance from the surface of the layer to a 

reference surface and measuring the film thickness of the layer. 

The polishing apparatus has control means for controlling the continuation or stoppage of the polishing of the layer 
on the basis of a signal from the detecting means. 

The detecting means has means for detecting the surface configuration and film thickness distribution of the layer, 
55 and the control means has a determining portion for determining whether the surface configuration and film thickness 
distribution of the layer obtained from the detecting means are within a preset allowable range. 

Embodiments of the present invention will now be described with reference to the accompanying drawings, in 
which: 
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Fig. 1 is a schematic view of portions of Embodiment 1 of the present invention. 

Fig. 2 is a schematic view of portions of Embodiment 1 of the present invention. 

Figs. 3A and 3B are schematic views of the monitor unit array of Fig. 1 . 

Fig. 4 is a schematic view of portions of a sensor according to the present invention. 
5 Fig. 5 is an enlarged illustration of a portion of Fig. 4. 

Fig. 6 is a flow chart of the operation of Embodiment 1 of the present invention. 

Figs. 7 A and 7B are schematic views of portions of Embodiment 2 of the present invention. 

Figs. 8 A and SB are schematic views of portions of Embodiment 3 of the present invention. 

Figs. 9 A and 9B are schematic views of portions of Embodiments 4 of the present invention. 
10 Fig. 1 0 is a schematic view of portions of Embodiment 5 of the present invention. 

Fig. 11 is a schematic view of portions of Embodiment 6 of the present invention. 

Fig. 12 is a schematic view of portions of Embodiment 7 of the present invention. 

Fig. 13 is a schematic view of portions of Fig. 12. 

Fig. 14 is a schematic view of a portion of Fig. 12. 
is Fig. 1 5 is a schematic view of portions of a sensor according to the present invention. 

Fig. 16 is an enlarged illustration of a portion of Fig. 15. 

Figs. 17A and 17B are enlarged illustrations of a portion of Fig. 12. 

Figs. 18A and 18B are illustrations of a measuring method according to Embodiment 7 of the present invention. 
Fig. 1 9 is a flow chart of the operation of Embodiment 7 of the present invention. 
20 Figs. 1 and 2 are schematic views of portions of Embodiment 1 of the present invention. In Figs. 1 and 2, the 

reference numeral 1 designates a chemical and mechanical polishing apparatus. In Fig. 1 , there is shown the manner 
in which the surface of a polished object 101 is polished, whereafter the supporting portion 101a of the polishing 
apparatus 1 is moved in X direction and set at the position of a monitor unit array 102 indicated by dotted line. 

Fig. 2 shows a case where the surface information (surface configuration and film thickness distribution) of the 
25 workpiece 101 is detected by the fixed monitor unit array (detecting means) 102, and on the basis of the result of the 
detection by the monitor unit array 102, the termination point or the continuation or stoppage of the polishing step for 
the workpiece 101 is controlled by control means 103. 

Members indicated by dotted lines in Figs. 1 and 2 are imaginary members. The polished object 101 comprises a 
structure consisting of an insulating layer (film layer) 5 formed on a silicon substrate 6, and is held on a substrate holder 
30 7. 

In the present embodiment, the insulating layer 5 on the silicon substrate 6 is partially chemical ly-mechanically 
polished by a partial polishing tool 4 which will be described later. The substrate holder 7 holds the polished object 101 
thereon and is rotated about a rotary shaft C at an angular speed g>1 by drive means (not shown). In Figs. 1 and 2, the 
rotary shaft C is defined as the Z-axis, and a plane orthogonal thereto is defined as X, Y plane. 

35 The reference characters 4 (4a, 4b, 4c) denote partial polishing tools. The partial polishing tools 4a, 4b, 4c have 

polishing pads 4a1, 4b1, 4c1 and holders 4a2, 4b2, 4c2 holding the polishing pads 4a1, 4b1, 4c1, and are rotated 
about rotary shafts C at an angular speed <o2 by drive means (not shown). Figs. 1 and 2 show a case where the 
insulating layer 5 on the silicon substrate 6 is partially polished by the three polishing pads 4a1, 4b1 , 4c1. 

In the present embodiment, the polishing openings in the polishing pads 4a1 , 4b1 , 4c1 are smaller than the polished 

40 surface (insulating layer) 5 of the polished object 1 01 . Thereby the insulating layer is partially polished. The reference 
numeral 21 designates an encoder which detects the rotation information of the rotary shaft C. The monitor unit array 
102, as shown in Figs. 3A and 3B, comprises a plurality of sensors 102a1 - 102an one-dimensional ly arranged in the 
Y-axis direction, and the surface conditions such as the surface configuration and film thickness distribution of the 
insulating layer 5 on the silicon substrate 6 are inspected by each sensor. 

^5 In the present embodiment, when the surface of the insulating layer 5 is to be polished, the partial polishing tool 

4 is rotated about the rotary shafts C and the substrate holder 7 is rotated about the rotary shaft C, and both of them 
are driven relative to each other and slurry including a polishing material is caused to flow out from a nozzle (not shown) 
onto the surface of the polished object 101 while the relative positions of the two in X direction and Y direction are 
displaced as required, whereby the slurry is uniformly supplied to the interface between the insulating layer 5 and the 

50 polishing pads 4a1 , 4b1 , 4c1 . 

At this time, the ratio between the pressure and the number of revolutions of the insulating layer 5 and the partial 
polishing tool 4 and the quantity of slurry supplied are appropriately selected to thereby polish. Thus, the insulating 
layer 5 formed on the silicon substrate 6 is partially polished by the partial polishing tool 4 to thereby achieve the 
flattening of the surface thereof. 

55 The surface of the insulating layer 5 is partially polished for a preset time, whereafter as shown in Fig. 2, the relative 

position of the partial polishing tool 4 and the polished object 101 in Z direction is changed to separate the partial 
polishing tool 4 and the workpiece 101 from each other, and the supporting portion 1 01 a including the substrate holder 
7 is moved in X direction and is disposed in opposed relationship with the monitor unit array 102 installed in the Y-axis 
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direction. 

Then, the film thicknesses and surface configuration of the insulating layer 5 on the silicon substrate 6 at a plurality 
of locations are measured by the monitor unit array 102 while the polished object 101 is being rotated. 

Thereby, the film thickness information over a wide area of the insulating layer 5 is detected efficiently. Also, with 

5 the rotation of the polished object 101 , the polished object 101 is shifted in Y direction. Design is made such that the 
amount of shift at this time is such a degree of amount that the non-measured area between the sensors can be newly 
measured. Thus, the non-measured area by the sensors becomes small. 

The surface conditions such as the surface configuration and film thickness distribution of the entire insulating 
layer 5 are found by the control means 103 on the basis of the output signal from the monitor unit array 102. At this 

10 time, the control means 103 judges by a determining portion whether both of the surface configuration such as the 
unevenness or level difference on the surface of the insulating layer 5 and the film thickness distribution are within a 
preset range,. When the both are within the reset range, it is judged that polishing is at its termination point, and the 
polishing step is stopped. When not so, control is effected so that the supporting portion 101a is returned to its original 
position and the polishing step is again continued. 

15 The control means 103 is designed to stop the polishing step when during the polishing step, it is judged that both 

of the surface configuration and film thickness distribution of the insulating layer 5 are not within the preset range 
(when, for example, the insulating layer has been two much polished and has become too thin). At such time, the 
polished object 101 is judged to be a defective article. 

As described above, in the present embodiment, design is made such that the insulating layer 5 of the silicon 

20 substrate 6 is flattened, whereby when projection exposure is effected, the entire area of the insulating layer 5 which 
becomes the object of projection exposure lies within the depth of focus of a projection optical system. Also, the film 
thickness of the insulating layer 5 may lie within a predetermined range to thereby prevent the irregularity of the inter- 
layer volume and unify the depth of via hole. 

Figs. 3A and 3B are perspective views of portions of the monitor unit array 102 in the present embodiment, and 

25 Fig. 3B shows a state in which Fig. 3A is seen from the bottom surface side. The monitor unit array 102 comprises a 
plurality of sensors 102a1 ( 102a2, 102an arranged in one-dimensional direction. 

One of the sensor units, as shown in Fig. 4, has film thickness measuring means 8 for measuring the film thickness 
of the insulating layer 5 on the silicon substrate 6, and distance measuring means 9 for measuring the distance from 
a reference surface to the polished surface (insulating layer 5) to find the surface configuration of the insulating layer 5. 

30 in Figs. 3A and 3B, the reference character 102b designates a scrub material (a shock absorbing material for not 

injuring the worked surface) which is provided on the measuring side surface (bottom surface) of the monitor unit array 
102 and is adapted not to injure the polished surface even if it contacts with the polished surface when the surface 
conditions of the polished surface are inspected. Also, the scrub material 102b surrounds the bottom surface to thereby 
enhance the effect of eliminating the slurry. 

35 The reference numeral 12 denotes a water supply nozzle for supplying pure water. The water supply nozzle 12 

discharges pure water to the worked surface (insulating layer) to thereby eliminate any slurry, dust, etc. attaching 
thereto and facilitate highly accurate detection of the surface conditions of the polished object. The reference numeral 
13 designates a draining nozzle for discharging the pure water. 

In the present embodiment, instead of discharging the pure water onto the polished surface, an air nozzle may be 

40 used to discharge air. 

Fig. 5 is an enlarged model view of a portion of Fig. 4, and shows the optical path when the surface configuration 
and film thickness of the insulating layer 5 on the silicon substrate 6 are measured by a sensor unit 102a1 . 

In Fig. 5, the reference numeral 10 denotes a pure water layer (or an air layer) which is produced by disposing the 
planar portion of a prism 11 with a position lower by the order of hundreds of pm than the surface of the polishing pad 
45 4 as a reference surface 11a (Z - 0), and circulating the pure water in the layer sandwiched between the planar portion 
and the insulating layer 5 by the water supply nozzle 12 and the draining nozzle 13. Here, design is made such that 
the reference surface 11a is a position sufficiently longer than the film thickness of the insulating layer 5. 

The construction of the film thickness measuring means 8 and distance measuring means 9 for the insulating layer 
contained in a sensor 102a1 and the measuring methods will now be described with reference to Figs. 4 and 5. De- 
50 scription will first be made of the method of obtaining the film thickness d(p) of the insulating layer by the distance 
measuring means 9 for measuring the distance from the reference surface to the polished surface. 

The distance measuring means 9 for calculating the film thickness of the insulating layer 5 and the distance from 
the reference surface (the prism surface) to the polished surface (the surface of the insulating layer 5) has a light source 
(a semiconductor laser) 17 capable of changing the coherent distance by time division, a lens 18 for collimating a light 
ss beam emitted from the light source 17 and applying the light beam through a prism 11 to the two-dimensional area p 
of the insulating layer 5 which is the object of measurement, and a lens 19 for causing the reflected light beam from 
the two-dimensional area p to enter an image pickup element 20 as a divergent light beam through the prism 11 . 

The light beam from the light source 17 as means for changing the coherent distance by time division is a semi- 
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conductor laser of a single mode of oscillation center wavelength \$ - 780 nm, and has a sufficiently long coherent 
distance for the thickness of each layer which is the object of measurement. 

An operation is performed to make the light source 17 into a multimode with a high frequency current cutting in a 
laser oscillation thresholds value by a high frequency superposing circuit so that the coherent distance may become 

5 as short as 10 and several pm or less. When each layer is irradiated with a first light beam from such a light source of 
which the coherent distance has been shortened, there are created three reflected lights, i.e., reflected light a from the 
reference surface coincident with the planar portion of the prism 11, reflected light b from the boundary surface of the 
pure water layer 1 0 / the insulating layer 5 (the surface of the insulating layer 5), and reflected light c from the boundary 
surface of the insulating layer 5 / the silicon substrate 6, as shown in Fig. 5. 

10 Since the coherent distance of the light beam from the light source is short, only the reflected lights b and c of the 

three reflected lights a, b and c which are short in the optical path length difference interfere with each other and the 
reflected light a does not interfere with the other reflected lights and becomes a direct current component. The inter- 
ference intensity ^ (p) of an interference pattern formed on the image pickup element 17 at this time is represented 
as follows: 

15 

2 2 2 

l 1 (p) = ua + ub + uc + 2ubuccos(ab - ac) (1) 

where k is a wave number which is 2nA. 
20 Also, 

ab - ac 

25 is 

ab - ac = k X 2 X n 1 X d(p)costj> 1 . 

30 k, n-, and are known, and expression (1 ) varies with d(p), i.e., the average film thickness of the insulating layer 5 as 
a variable. As regards this d(p), the insulating layer 5 is usually formed on the silicon substrate 5 with its film thickness 
controlled and therefore, the rough value of d(p) can be predetermined, and referring to the data table or the like of 
the interference intensity based on d(p), d(p) is calculated by a calculating process. 

On the other hand, the film thickness measuring means 8 in the present embodiment is used as required, and 

35 measures the average film thickness d(p) of the two-dimensional area p of the insulating layer 5 by spectral reflectance 
measurement, and has a unit 14 including a light source and a spectrometer, a half mirror 15 and a photomultiplier 
(photoelectric element) 16. Monochromatic light of which the wavelength continuously changes is emitted from the unit 
14, and is reflected by the surface of the insulating layer 5 and the boundary surface of the insulating layer 5 / the 
silicon substrate 6. The two light beams reflected at this time interfere with each other. 

^0 In the present embodiment, the average film thickness d(p) of the insulating layer 5 is obtained from the changes 

in the interference intensity by these two light beams. When the wavelengths when the interference intensity becomes 
maximum and minimum are and X% and the refractive index of the insulating layer 5 is ^ and the angle of reflection 
on the aforementioned boundary surface is the film thickness in a minute area x within the two-dimensional area 
p is represented as 

45 

d(x) = 1/[(4n t cos^ )(1 A 2 - 1 A, )] (2) 

Here, the average of the film thicknesses measured at a plurality of locations in the two-dimensional area p is defined 
50 as d(p). 

In this case, there is also created an interference signal by the pure water layer (or air layer) 10 and the prism 11 , 
but these have sufficiently great thicknesses as compared with the film thickness of the insulating layer 5 which is of 
the order of several pm and therefore, the frequency of the interference signal becomes very high and this interference 
signal can be readily separated from the interference signal from the insulating layer 5. 
55 In the present embodiment, the film thickness measuring means 8 need not be provided if the film thickness is 

measured by the distance measuring means 9. 

Description will now be made of a case wherein the present embodiment, the distance from the reference surface 
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to the surface of the layer (the polished surface) is found by the distance means 9 to thereby find the surface config- 
uration of the layer 5. 

From a semiconductor laser of a single mode of oscillation center wavelength 7^ = 780 nm as the coherent light 
source 17, each layer is irradiated with a second light beam of a sufficiently long coherent distance for the thickness 

5 of each layer which is the object of measurement. Thereupon, as shown in Fig. 5, there are created the reflected light 
a from the reference surface coincident with the planar portion of the prism 11 , the reflected light b from the boundary 
surface of the pure water layer 10 / the insulating layer 5 (the surface of the insulating layer 5) and the reflected light 
c from the boundary surface of the insulating layer 5 / the silicon substrate 6, and these three reflected lights interfere 
with one another to form an interference pattern of interference intensity l 2 (p) on the image pickup element 17. 

io Assuming that the respective reflected lights are a = uae* 03 , b = ube iob and c = uce ioc , the interference intensity l 2 

(p) thereof is represented as follows: 

2 2 2 

l 2 (p) = ua + ub + uc + 2uaubcos(aa - ob) 

15 

+ 2uauccos(oa - oc) 

+ 2ubuccos(ab - oc) (3) 

20 The difference between the two interference intensities obtained by time division is as shown by the following 

expression (4): 

yp) " 'i (P) = 2uaubcos(aa - ab) 

25 

+ 2uauccos(aa - oc) (4) 

When here, the thickness of the pure water layer 10, i.e., the distance from the reference surface to the polished 
surface, is d(p)' and the refractive index of the pure water layer 10 is Oq and the angle of reflection on the boundary 
30 surface of the pure water layer 10 / the insulating layer 5 is <J> 0 and the refractive index of the material of the prism 11 
is N and the center wavelength of the oscillation spectrum of the light source 14 is X and k = 2nA, 



oa - ob= k[2n 0 d(p)'cos<}> 0 ] 



35 



and 



oa - oc = k[2n Q dfpycos^Q + 2n l d(p)cos(J> 1 ]. 

40 

Here, n 0 , n 1f <t> 0 , ^ and d(p) are known from expression (3) and therefore, expression (4) showing the difference 
between the two interference intensities varies with d(p)\ i.e., the aforementioned distance from the reference surface 
to the polished surface, as a variable. By calculating this d(p)' by a calculating process, the surface configuration of 
the polished surface is calculated. 

45 in the present embodiment, the film t hickness distribution and th e surface configuration measurement value of the 

polished surface found by such a method and apparatus are stored in a memory portion during each measurement 
and the differential from the film thickness distribution which is the final target is compared. When this differential is 
not within a predetermined range of value, control is effected so that the polishing rate, the slurry density in the polishing 
liquid, the temperature of the polished surface, th e polishing pressure distribution, etc. are appropri ate ly corrected fro m 

50 the differential value and the surface configuration measurement value and the polishing of portions of wh|cjvthe flat- 
ten ingjsjoipjKjgejjseff^^ 

After the work of comparing this differential is repeated a plurality of times, the polishing work is terminated when 
this differential falls within a predetermined range of value. 

The flow of the detection of the termination point of the flattening work by the chemical and mechanical polishing 
55 of the present embodiment is shown in Fig. 6 and will be described below. 
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[Step 101 (S1 01 )] 

The partial polishing too! 4 and the polished object 101 are driven relative to each other to thereby chemically- 
mechanically polish the polished object. [Step 102 (S102)] 
5 The partial polishing tool 4 and the polished object 101 are separated from each other, the polished object 101 is 

positioned under the monitor unit array 102, and the polished object 101 is elevated to the monitor unit array 102 side. 

[Step 103 (S 103)] 

10 The monitor unit array 102 and the polished object 101 are aligned with each other. 

[Step 104 (S104)] 

By the monitor unit array 102, th^fNmJhj£kness and,su^^ 101 are measured 

is by the aforedescribed method while the polished object 101 is rotated, and the film thickness distribution and surface 
configuration value of the polished surface are stored in the memory portion during each measurement. 

[Step 105 (S 105)] 

20 Whether both of the maximum film thickness dmax and the minimum film thickness dmin of the measured film 

thickness distribution are within an allowable range (the upper limit film thickness STU and the lower limit film thickness 
STL) is determined, and if they are within the allowable range, advance is made to step 106, and if they are outside 
the allowable range, advance is made to step 108. 

25 [Step 106 (S1 06)] 

Whether the measured surface configuration is within an allowable range is determined. That is, the measured 
unevenness of the surface of the polished object is made into a numerical value representative of the surface roughness 
such as dispersion from the peak-and-valley value and the mean value, and whether the numerical value is within a 
30 preset allowable range is determined. If the numerical value is within the allowable range, advance is made to step 
107, and if the numerical value is outside the allowable range, return is made to step 101 . 

[Step 107 (S1 07)] 

35 The subsequent polishing of the polished object is stopped. 

[Step 108 (S1 08)] 

Whether the measured film thickness distribution is within the lower limit of the allowable range is determined. 
40 That is, whether the minimum film thickness dmin of the measured film thickness distribution is equal to or less than 
the lower limit film thickness STL is determined. If the minimum film thickness dmin is less than the lower limit film 
thickness STL, advance is made to step 109, and if the minimum film thickness dmin is equal to or greater than the 
lower limit film thickness STL, return is made to step 101 . 

45 [Step 109 (S1 09)] 

The subsequent polishing of the polished object is stopped. 

In the present embodiment, the single mode semiconductor laser 17 as means for making the coherent distance 
of the light source different is made into a multimode by a high frequency superposing circuit and is time-divided to 
50 thereby effect the aforedescribed measurement of I-, (p) and l 2 (p), but alternatively, two light sources differing in coherent 
distance from each other may be spatially separately disposed and two image pickup elements corresponding thereto 
may be provided so that the aforedescribed measurement of ^(p) and l 2 (p) may be effected. 

Also, in the distance measuring means 9 for measuring the distance from the reference surface to the polished 
surface, the angle of incidence of the irradiating light beam may be 0° (parallel to the Z-axis) and the film thickness 
55 measuring means 8 for measuring the film thickness of the insulating layer 5 and the optical path may be partly common . 
to each other. 

Figs. 7A and 7B are schematic views of portions of Embodiment 2 of the present invention. In these figures, the 
same elements as those shown in Fig. 1 are given the same reference characters. This embodiment differs from the 
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embodiment of Fig. 1 in that the supporting portion 101a on the substrate holder 7 side is fixed and the sensor unit 
array 102 is movable in X direction, and is the same as the embodiment of Fig. 1 in the other points. 

In the present embodiment, the sensor unit array 102 is moved onto the surface of the polished object 101 in the 
space formed by the partial polishing tool 4 being moved in the Z-axis direction after the lapse of a predetermined 
s polishing time and the partial polishing tool 4 being moved, whereby the surface conditions are found at a plurality of 
locations on the polished object 101, and thereby there is obtained an effect similar to that of Embodiment 1. 

Figs. 8A and 8B are schematic views of portions of Embodiment 3 of the present invention. In these figures, the 
same elements as those shown in Fig. 1 are given the same reference characters. 

This embodiment<iiffers from Embodiment 1 of Fig. 1 in that the polishing opening in the polishing pad 4a1 is 
10 larger than the insulating layer 5 provided on the silicon substrate 6 as the polished object 101 and the whole of the 
insulating layer 5 is polished, and is the same as Embodiment 1 in the other points of the basic construction. 

In Figs. 8A and 8B, the reference numeral 81 designates a polishing stool which protects the polishing pad 4a1. 
The reference numeral 103 denotes a holding member having a substrate holder 7 and a polished object 101 held 
thereby. 

is In the present embodiment, after the lapse of a predetermined polishing time, the holding member 103 is moved 

by a distance h in Z direction to thereby separate the substrate holder 7 and the polishing pad 4a1 from each other, 
whereafter the holding member 103 is moved in X direction and disposed in opposed relationship with the fixed monitor 
unit array 102. Then, the surface conditions of the insulating layer 5 applied to the silicon substrate 6 are found by the 
monitor unit array 102 in the same way as Embodiment 1 . In the other points, the construction of the present embodiment 

20 js the same as that of Embodiment 1 . 

Figs. 9 A and 9B are schematic views of portions of Embodiment 4 of the present invention. In these figures, the 
same elements as those shown in Fig. 8 are given the same reference numerals. In this embodiment, as compared 
with Embodiment 3 of Figs. 8A and 8B, the holding member 103 on the substrate holder 7 side is movable only in Z 
direction and the monitor unit array 102 is movable in X direction. 

25 The monitor unit array 1 02 is moved into the space formed by the holding member 1 03 being moved by a distance 

h in Z direction, and the surface conditions are found at a plurality of locations on the polished object 101 . In the other 
points, the construction of the present embodiment is the same as that of Embodiment 1 . 

Fig. 1 0 is a schematic view of portions of Embodiment 5 of the present invention. In this figure, the same elements 
as those shown in Fig. 1 are given the same reference characters. 

30 This embodiment differs from Embodiment 1 of Fig. 1 in that the sensor unit array 1 02 is disposed in an area which 

does not hamper the polishing operation of the partial polishing tools 4a and 4b so that the surface conditions at a 
plurality of locations on the polished object 101 can be found at any time during the polishing process, and is the same 
as Embodiment 1 in the other points. 

The present embodiment obtains the effect that the termination point of the polishing process can be found more 

35 accurately and quickly by obtaining the surface conditions of the polished object 101 during the polishing operation. 

Fig. 11 is a schematic view of portions of Embodiment 6 of the present invention. In this figure, the same elements 
as those shown in Figs. 1 , 8A and 8B are given the same reference numerals. 

This embodiment differs from Embodiment 3 of Figs. 8A and 8B in that the sensor unit array 102 is eliminated and 
instead of it, a sensor 2 similar in construction to the sensor 102al is provided in the interior of the polishing stool 8 so 

40 that the surface information of the insulating layer 5 even in a liquid by the sensor 2 through an aperture portion provided 
in a portion of the polishing pad 4a1 and that during the detection, the polished object 101 is not moved toward the 
monitor unit array located afar, and in the other points, the basic construction of this embodiment is the same as that 
of Embodiment 3. 

In the present embodiment, the polished object 101 is moved in XY direction on the polishing pad 4a1 and then 
45 position thereof is found by an encoder (not shown) or the like, and the two-dimensional surface information of the 
insulating layer 5 at that position is detected by the sensor 2. 

In the present embodiment, the surface information of the insulating layer 5 of the polished object 101 can be 
measured even when it is in a liquid, whereby the throughput is improved. 

Fig. 12 is a schematic view of portions of Embodiment 7 of the present invention. In Fig. 12, the reference numeral 
50 1 designates a chemical and mechanical polishing apparatus. Fig. 12 shows the manner in which the surface of the 
polished object 1 01 is polished. In this figure, the same elements as those shown in Fig. 1 are given the same reference 
numerals. 

Fig. 1 3 is a schematic view of the partial polishing tool 4 of Fig. 1 2. A sensor 2 is fixedly held in the interior of the 
partial polishing tool 4. The sensor 2 is a detecting head which is means for measuring the film thickness and the 
55 surface configuration of the polished surface simultaneously. The sensor 2 is hermetically provided in the partial pol- 
ishing tool 4 to thereby prevent the adherence of slurry, dust, etc. during the polishing process. The sensor 2, together 
with control means 103 which will be described later, detects the surface information (surface configuration and film 
thickness distribution) of the polished object 101. The control means 103 controls, on the basis of the detection result 
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of the surface information of the polished object 101, the termination point of the polishing process for the polished 
object 101 or whether the polishing process should be continued or not. 

The polished object 101 comprises an insulating layer (film layer) 5 formed on a silicon substrate, and is held by 
a substrate holder 7. 

5 In the present embodiment, the insulating layer 5 on the silicon substrate 6 is partially chemical ly-mechanically 

polished by the partial polishing tool 4. The substrate holder 7 holds the polished object 101 and is rotated at an angular 
speed <o1 about the rotary shaft C by drive means (not shown). In Fig. 1 3, the rotary shaft C is the Z-axis and a plane 
orthogonal thereto is X, Y plane. 

The partial polishing tool 4 has a polishing pad 4a 1 and a holder 4a2 holding the polishing pad 4a 1 , and is rotated 
10 at an angular speed <o2 about the rotary shaft C by drive means (not shown). In Fig. 13, there is shown a case where 
the insulating layer 5 on the silicon substrate 6 is being partially polished by a polishing pad 4a1 . A plurality of partial 
polishing tools 4 may also be used. 

In the present embodiment, as shown in Fig. 14, the polishing opening in the polishing pad 4a 1 is smaller than the 
polished surface (insulating layer) 5 of the polished object 101 . Thereby the insulating layer 5 is partially polished. The 
is partial polishing tool 4, as shown in Fig. 14, is at a distance y in the X-axis direction from the Z-axis, and is movable 
by a distance p from position 1 to position 2 on the X-axis. The reference numeral 22 designates a linear encoder which 
detects the positional information of the partial polishing tool 4 in the X-axis direction. 

The reference numeral 21 denotes a rotary encoder which detects the rotational information of the rotary shaft C. 
The surface conditions such as the surface configuration and film thickness distribution of the insulating layer 5 on the 
20 silicon substrate 6 are inspected by a method which will be described later with the aid of the sensor 2. 

In the present embodiment, when the surface of the insulating layer 5 is to be polished, the partial polishing tool 
4 is rotated about the rotary shaft C* and also the substrate holder 7 is rotated about the shaft C, and both are driven 
relative to each other and slurry including a polishing material is caused to flow out from a nozzle (not shown) onto the 
surface of the polished object 101 while the relative position of the both in X direction and Y direction is displaced as 
25 required, whereby the slurry is uniformly supplied to the interface between the insulating layer 5 and the polishing pad 
4a1. 

At this time, polishing is done with the ratio between the pressure and the number of revolutions of the insulating 
layer 5 and the partial polishing tool 4 and the quantity of slurry supplied being appropriately selected. Thereby the 
insulating layer 5 formed on the silicon substrate 6 is partially polished by the partial polishing tool 4 to flatten the 
30 surface thereof. 

After the surface of the insulating layer 5 is partially polished for a preset time, the film thickness and surface 
position information of the insulating layer 5 are measured by a method which will be described later with the aid of 
the sensor 2 provided in the partial polishing tool 4, as shown in Fig. 13. 

In the present embodiment, the surface conditions of the insulating layer 5 of the polished object 101 can be 
35 measured even when it is in the liquid, whereby the throughput is improved. 

Next, on the basis of an output signal obtained from the sensor 2 by a method which will be described later, the 
surface conditions such as the surface configuration and film thickness distribution of the entire insulating layer 5 are 
found by the control means 103. At this time, the control means 103 judges by a determining portion whether both of 
the surface configuration such as unevenness or level difference and the film thickness distribution of the surface of 
40 the insulating layer 5 are within a present range. If both are within the preset range, it is judged that the termination 
point of polishing has been reached, and the polishing process is stopped. If not so, the control means 103 controls 
so as to continue the polishing process again. 

The control means 103 is adapted to stop the polishing process when it judges during the polishing process that 
both of the surface configuration and film thickness distribution of the insulating layer 5 are not within the preset range 
45 (for example, when the insulating layer has been too much polished and has become too thin). At this time, the polished 
object 101 is judged to be a bad article. 

As described above, in the present embodiment, the insulating layer 5 on the silicon substrate is flattened, whereby 
when projection exposure is done, the entire area of the insulating layer 5 which is the object falls within the depth of 
focus of the projection optical system. Also, design is made such that the film thickness of the insulating layer 5 is 
50 within a predetermined range to thereby prevent the irregularity of the inter-layer volume and also unify the depth of 
via hole. 

Fig. 1 5 is a schematic view of portions of the sensor 2 in the present embodiment. The sensor 2 has film thickness 
measuring means 8 for measuring the film thickness of the insulating layer 5 on the silicon substrate 6, and distance 
measuring means 9 for measuring the distance from the reference surface to the polished surface (the insulating layer 
55 5) to find the surface configuration of the insulating layer 5. 

Figs. 1 7 A and 1 7B are schematic views of the partial polishing tool 4 as it is seen from below the Z-axis (the rotary 
encoder 21 side). In Fig. 1 7A, the polishing pad 4a1 is provided outside a prism area 11 including the reference surface, 
whereby the whole surface is polished. Fig. 1 7B shows a case where the polishing pad 4a1 is made into a zonal shape 
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except the prism area 1 1 including the reference surface and zonal polishing is done. In Fig. 1 7B, the reference numeral 
61 designates a shock absorbing member (scrub member) free of the polishing effect. 

The scrub member 61 is a member for forming a closed space so that the return of the pure water or air for the 
elimination of the slurry can be effected efficiently, and the material thereof is Nylon, polyvinyl foamed material or the 
like which is hydrophilic and good in wear resistance. 

In the present embodiment, the construction of Fig. 17A or Fig. 17B is used in conformity with the object. 

Figs. 18A and 1 8B are illustrations showing the positional relationship when the film thickness and surface position 
information of the insulating layer 5 of the polished object 1 01 at each position in the present embodiment are measured 
by the sensor 2 provided in the partial polishing tool 4. 

In Fig. 18A, the partial polishing tool 4 is driven and controlled to a position y in X direction by the use of the linear 
encoder 22 while the rotated position 9 of the insulating layer 5 is driven and controlled by the use of the rotary encoder 
21. The position information (the distance 7 from the rotary shaft C and the angle 0) of the insulating layer 5 and the 
partial polishing tool 4 is stored, and the surface position information of the insulating layer 5 at that position is detected 
by the sensor 2 and is stored in a memory portion (not shown) in the control means 103. 

Then, as shown in Fig. 18B, the partial polishing tool 4 is moved by a predetermined amount in the X-axis direction 
by the use of the linear encoder 22, and as in Fig. 18A, the surface position information at that position is detected and 
is stored in the memory portion. The surface position infonmat ion is found over the entire surface of the insulating layer 
5 with the value of the angle 6 being variously changed, whereby the film thickness distribution and surface configuration 
of the entire insulating layer 5 are found. 

Fig. 1 6 is an enlarged model view of a portion of Fig. 1 5, and shows the optical path when the surface configuration 
and film thickness of the insulating layer 5 on the silicon substrate 5 is measured by the sensor 2. 

The construction of the film thickness measuring means 8 for the insulating layer and the distance measuring 
means 9 for the distance from the reference surface to the polished surface which are possessed by the sensor 2 and 
the measuring methods thereof will now be described with reference to Figs. 15 and 16. Description will first be made 
of the method of obtaining the film thickness d(p) of the insulating layer 5 by the distance measuring means 9. 

The distance measuring means 9 for calculating the film thickness of the insulating layer 5 and the distance from 
the reference surface (the prism surface) to the polished surface (the surface of the insulating layer 5) has a light source 
(semiconductor laser) 17 of which the coherent distance can be changed by time division, a lens 18 for collimating a 
light beam emitted from the light source 17 and applying it through the prism 11 to the two-dimensional area p of the 
insulating layer 5 which is the object of measurement, and a lens 19 for causing the reflected light beam from the two- 
dimensional area p to enter an image pickup element 20 as a divergent light beam through the prism 11 . 

In Fig. 15, the reference numeral 12 designates a wafer supply nozzle for pure water supply which discharges 
pure water to the polished surface (the insulating layer) to thereby remove the slurry, dust, etc. adhering thereto and 
facilitate the highly accurate detection of the surface conditions of the polished object. The reference numeral 13 de- 
notes a draining nozzle for discharging the pure water. 

In the present embodiment, instead of discharging the pure water onto the polished surface, an air nozzle may be 
used to discharge air. 

In Fig. 16, the reference numeral 10 designates a pure water layer (or an air layer) which is produced by disposing 
the planar portion of the prism 11 with a position tower by the order of hundreds of nm than the surface of the polishing 
pad 4 as a reference surface 11a (Z = 0), and circulating the pure water in the layer sandwiched between the planar 
portion and the insulating layer 5 by the water supply nozzle 1 2 and the draining nozzle 1 3. Here, design is made such 
that the reference surface 11a is a position sufficiently longer than the film thickness of the insulating layer 5. 

The light beam from the light source 17 as means for changing the coherent distance by time division is a semi- 
conductor laser of a single mode of oscillation center wavelength ^ = 780 nm, and has a sufficiently long coherent 
distance for the thickness of each layer which is the object of measurement. 

An operation is performed to make the light source 17 into a multimode with a high frequency current cutting in a 
laser oscillation threshold value by a high frequency superposing circuit, not shown, so that the coherent distance may 
become as short as 10 and several |im or less. When each layer is irradiated with a first light beam from such a light 
source of which the coherent distance has been shortened, there are created threejrjerflected lights , i.e., reflected light 
a from the reference surface coincident with the planar portion of the prism 11, reflected light b from the boundary 
surface of the pure water layer 10 / the insulating layer 5 (the surface of the insulating layer 5), and reflected light c 
from the boundary surface of the insulating layer 5 / the silicon substrate 6, as shown in Fig. 16. 

Since the coherent distance of the light beam from the light source is short, only the reflected lights b and c of the 
three reflected lights a, b and c which are short in the optical path length difference interfere with each other and the 
reflected light a does not interfere with the other reflected lights and becomes a direct current component. The inter- 
ference intensity ^(p) of an interference pattern formed on the image pickup element 1 7 at this time is represented as 
folbws: 
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2 2 2 

I., (p) = ua + ub + uc + 2ubuccos(ab - oc) 



(1) 



5 



where k is a wave number which is 2n/\. 
Also, 



ob - oc 



10 



is 



ob - oc - k X 2 X n 1 X d(p)cos(|> r 



k, ^ and ^ are known, and expression (1 ) varies with d(p), i.e., the average film thickness of the insulating layer 5 as 
a variable. As regards this d(p), the insulating layer 5 is usually formed on the silicon substrate 6 with its film thickness 
controlled and therefore, the rough value of d(p) can be predetermined and referring to the data table or the like of the 
interference intensity based on d(p), d(p) is calculated by a calculating process. 

On the other hand, the film thickness measuring means 8 in the present embodiment is used as required, and 
measures the average film thickness d(p) of the two-dimensional area p of the insulating layer 5 by spectral reflectance 
measurement, and has a unit 14 including a light source and a spectrometer, a half mirror 15 and a photomultiplier 
(photoelectric element) 16. Monochromatic light of which the wavelength continuously changes is emitted from the unit 
14, and is reflected by the surface of the insulating layer 5 and the boundary surface of the insulating layer 5 / the 
silicon substrate 6. The two light beams reflected at this time interfere with each other. 

In the present embodiment, the average film thickness d(p) of the insulating layer 5 is obtained from the changes 
in the interference intensity by these two light beams. When the wavelength when the interference intensity becomes 
maximum and minimum are and and the refractive index of the insulating layer 5 is ^ and the angle of reflection 
on the aforementioned boundary surface is the film thickness in a minute area x within the two-dimensional area 
p is represented as 



Here, the average of the film thicknesses measured at a plurality of locations in the two-dimensional area p is defined 
as d(p). 

In this case, there is also created an interference signal by the pure water layer (or air layer) 10 and the prism 11 , 
but these have sufficiently great thicknesses as compared with the film thickness of the insulating layer 5 which is of 
the order of several pm and therefore, the frequency of the interference signal becomes very high and this interference 
signal can be readily separated from the interference signal from the insulating layer 5. 

In the present embodiment, the film thickness measuring means 8 need not be provided if the film thickness is 
measured by the distance measuring means 9. 

Description will now be made of a case where in the present embodiment, the distance from the reference surface 
to the surface of the layer (the polished surface) is found by the distance measuring means 9 to thereby find the surface 
configuration of the layer 5. 

From a semiconductor laser of a single mode of oscillation center wavelength Xq = 780 nm as the coherent light 
source 17, each layer is irradiated with a second light beam of a sufficiently long coherent distance for the thickness 
of each layer which is the object of measurement. Thereupon, as shown in Fig. 16, there are created the reflected light 
a from the reference surface coincident with the planar portion of the prism 11 , the reflected light b from the boundary 
surface of the pure water layer 10 /the insulating layer 5 (the surface of the insulating layer 5) and the reflected light 
c from the boundary surface of the insulating layer 5 / the silicon substrate 6, and these three reflected lights interfere 
with one another to form an interference pattern of interference intensity l 2 (p) on the image pickup element 17. 

Assuming that the respective reflected lights are a = ua e iaa , b = ub e iob and c = uc e** 0 , the interference intensity 
l 2 (p) thereof is represented as follows: 



30 



d(x) = 1/[(4n 1 cos()) 1 )(1/X 2 - 1/^ )]. 



(2) 



55 



2 2 2 

l 2 (p) = ua + ub + uc + 2uaubcos(oa - ob) 
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+ 2uauccos(oa - ac) 

+ 2ubuccos(ab - ac) (3) 

5 

The difference between the two interference intensities obtained by time division is as shown by the following 
expression (4): 

w l 2 (p) - lj (p) = 2uaubcos(aa - ab) 

+ 2uauccos(aa - ac) (4) 

When here, the thickness of the pure water layer 10, i.e., the distance from the reference surface to the polished 
is surface, is d(p)' and the refractive index of the pure water layer 10 is Oq and the angle of reflection on the boundary 
surface of the pure water layer 10 / the insulating layer 5 is (|> 0 and the refractive index of the material of the prism 11 
is N and the center wavelength of the oscillation spectrum of the light source 14 is X and k = 2n/X, 

20 aa - ab = k^d^'cos^] 

and 

2S oa - ac = k[2n 0 d(p)'cos$ 0 + 2n 1 d(p)cos((> 1 ]. 

Here, n 0 , n 1f <t> 0 , and d(p) are known from expression (3) and therefore, expression (4) showing the difference 
between the two interference intensities varies with d(p)', i.e., the aforementioned distance from the reference surface 
to the polished surface, as a variable. By calculating this d(p)' by a calculating process, the surface configuration of 

30 the polished surface is calculated. 

In the present embodiment, the film thickness distribution and the surface configuration measurement value of the 
polished surface found by such a method and apparatus are stored in a memory portion during each measurement 
and the differential from the film thickness distribution which is the final target is compared. When this differential is 
not within a predetermined range of value, control is effected so that the polishing rate, the slurry density in the polishing 

35 liquid, the temperature of the polished surface, the polishing pressure distribution, etc. are appropriately corrected from 
the differential value and the surface configuration measurement value and the polishing of portions of which the flat- 
tening is improper is efficiently expedited. 

After the work of comparing this differential is repeated a plurality of times, the polishing work is terminated when 
this differential falls within a predetermined range of value. 

40 The flow of the detection of the termination point of the flattening work by the chemical and mechanical polishing 

of the present embodiment is shown in Fig. 1 9 and will be described below. 

[Step 201 (S201)] 

45 The partial polishing tool 4 and the polished object 101 are driven relative to each other to thereby chemically- 

mechanically polish the polished object. 

[Step 202 (S202)] 

50 The partial polishing tool 4 and the polished object 101 are aligned with each other. 

[Step 203 (S203)] 

The position y of the partial polishing tool 4 in which the sensor 2 is contained is driven and controlled while the 
55 rotated position 9 of the polished object 101 is driven and controlled by the use of the rotary encoder 21, and the 
positional information of the polished object 101 and the partial polishing tool 4 is stored and the film thickness and 
surface configuration of the polished object 101 are measured by the sensor 2, and the film thickness distribution and 
surface configuration value of the polished surface are stored. 



14 



EP 0 806 266 A2 



[Step 204 (S204)J 

Whether both of the maximum film thickness dmax and minimum film thickness dmin of the measured film thickness 
distribution are within an allowable range (the upper limit film thickness STU and the lower limit film thickness STL) is 
5 determined, and if both are within the allowable range, advance is made to step 205, and if both are outside the 
allowable range, advance is made to step 207. 

[Step 205 (S205)] 

WhethejLthe^easiKe^sjjrfac^ 
uneyenness of the surface of the.polished obje^js mad^into a numerical value representative pf 
such as dispersion from the peak-and-valley. value and the mean value, and whether the numerical value is within a 
predetermined allowable range is determined. If the numerical value is within the allowable range, advance is made 
to step 206, and if the numerical value is outside the allowable range, return is made to step 201 . 

[Step 206 (S206)] 

The subsequent polishing of the polished object is stopped. 

20 [Step 207 (S207)] 

Whether the measured film thickness distribution is within the lower limit of an allowable range is determined. That 
is, whether the minimum film thickness dmin of the measured film thickness distribution is equal to or less than the 
lower limit film thickness STL (reference value) is determined. If the minimum film thickness dmin is equal to or less 
25 than the lower limit film thickness STL, advance is made to step 208, and if the minimum film thickness dmin is greater 
than the lower limit film thickness STL, return is made to step 201. 

[Step 208 (S208)] 

30 The subsequent polishing of the polished object is stopped. 

In the present embodiment, the single mode semiconductor laser 17 as means for making the coherent distance 
of the light source different is made into a multimode by a high frequency superposing circuit and is time-divided to 
thereby effect the aforedescribed measurement of ^ (p) and l 2 (p), but alternatively, two light sources differing in coherent 
distance from each other may be spatially separately disposed and two image pickup elements corresponding thereto 

35 may be provided so that the aforedescribed measurement of l-,(p) and l 2 (p) may be effected. 

Also, in the distance measuring means 9 for measuring the distance from the reference surface to the polished 
surface, the angle of incidence of the irradiating light beam may be 0° (parallel to the Z-axis) and the film thickness 
measuring means 8 for measuring the film thickness of the insulating layer 5 and the optical path may be partly common 
to each other. 

40 While in the above-described embodiments, description has been made of the insulating film, the present invention 

is also applicable, as the application of chemical and mechanical polishing in the semiconductor process, to a polishing 
method and a polishing apparatus by the measurement of the film thickness distribution and surface configuration of 
the thin layer of metallic film even in the polishing as after the formation of tungsten film or wiring film by contact or via 
hole, and further the film thickness distribution and surface configuration of insulating film from which the metallic film 

45 has been removed. 

The invention may be embodied in other specific forms without departing from the essential characteristics thereof. 
The illustrated embodiment are therefore to be considered in all respects as illustrative and not restrictive, the scope 
of the invention being indicated by the appended claims rather than by the foregoing description and all changes which 
come within the meaning and range of equivalency of the claims are therefore intended to be embraced therein. 

so 

Claims 

1. A polishing method of polishing the surface of a layer provided on the surface of a substrate having: 

55 

the surface configuration measuring step of detecting surface information at a plurality of locations on said 
layer and obtaining the surface configuration of said layer; 

the film thickness distribution measuring step of detecting the film thicknesses at a plurality of locations on 
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said layer and obtaining the film thickness distribution of said layer; 

the determining step of determining whether the surface configuration and film thickness distribution of said 
layer are within a preset allowable range; and 

the polishing controlling step of continuing or stopping the polishing on the basis of the result of the determi- 
nation at said determining step. 

2. The method of Claim 1 wherein said polishing controlling step has the step of stopping the polishing when it is 
determined by said determining step that both of the surface configuration and film thickness distribution of said 
layer are within an allowable range. 

3. The method of Claim 1 wherein said polishing controlling step has the step of stopping the polishing when it is 
determined by said determining step that the surface configuration of said layer is outside an allowable range and 
the minimum film thickness of said layer is equal to or less than a reference value. 

4. The method of Claim 1 wherein the measurement by said surface configuration measuring step and the measure- 
ment by said film thickness distribution measuring step are simultaneously effected. 

5. The method of Claim 1 wherein the same portion of said layer is measured at said surface configuration measuring 
step and said film thickness distribution measuring step. 

6. A polishing apparatus for driving the surface of a layer provided on the surface of a substrate and polishing means 
relative to each other to thereby polish said layer, having: 

detecting means for detecting the surface information of said layer; and 

changeover means for selectively changing over one of said polishing means and said detecting means relative 
to the polished surface of said layer and disposing it in opposed relationship with the other of said polishing 
means and said detecting means. 

7. The apparatus of Claim 6 wherein said detecting means has means for detecting the surface information of said 
layer at a plurality of locations simultaneously. 

8. The apparatus of Claim 6 wherein said polishing means has a plurality of partial polishing tools for polishing a 
portion of the surface of said layer. 

9. The apparatus of Claim 6 wherein said detecting means has means for measuring the surface location information 
and film thicknesses at a plurality of locations on said layer. 

10. The apparatus of Claim 6 wherein said detecting means has distance measuring means for detecting the distance 
from the surface of said layer to a reference surface. 

11. The apparatus of Claim 10 wherein said detecting means has film thicknesses measuring means for measuring 
the film thickness of said layer. 

12. The apparatus of Claim 6 having control means for determining from a signal from said detecting means by a 
determining portion whether the surface configuration and film thickness distribution of said layer are within a 
preset allowable range, and controlling whether to continue or stop the polishing of said layer on the basis of a 
signal from said determining portion. 

13. A polishing method of driving the surface of a layer provided on the surface of a substrate and polishing means 
relative to each other to polish the surface of said layer having the steps of: 

setting a reference surface at a position sufficiently longer from the surface of said layer than the film thickness 
of said layer; 

illuminating first and second light beams differing in coherent distance from each other from light source means 
to said layer and said reference surface; 

individually detecting the reflected light beam from each surface based on said first light beam and the reflected 

light beam from each surface based on said second light beam by detecting means; and 

obtaining the surface information of said layer from a signal from said detecting means, and controlling the 
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continuation or stoppage of the polishing of said layer on the basis of said surface information. 

1 4. The method of Claim 1 3 wherein the surface information of said layer is the surface configuration and film thickness 
distribution of said layer. 

15. The method of Claim 14 wherein said step of controlling has the determining step of determining whether the 
surface configuration are film thickness distribution of said layer are within a preset allowable range. 

16. The method of Claim 13 wherein said step of controlling has the step of obtaining the surface information of said 
layer from the difference between the intensity of the reflected light beam from each surface based on said first 
light beam and the intensity of the reflected light beam from each surface based on said second light beam. 

17. A polishing apparatus for driving the surface of a layer provided on the surface of a substrate and polishing means 
relative to each other to thereby polish said layer having: 

a reference surface located at a position sufficiently longer from the surface of said layer than the film thickness 
of said layer; 

illuminating means for illuminating first and second light beams differing in coherent distance from each other 
to said layer and said reference surface; 

detecting means for individually detecting the reflected light beam from each surface based on said first light 
beam and the reflected light beam from each surface based on said second light beam: and 
control means for obtaining the surface information of said layer from a signal from said detecting means and 
controlling the continuation or stoppage of the polishing of said layer on the basis of said surface information. 

18. The apparatus of Claim 17 wherein the surface information of said layer is the surface configuration and film 
thickness distribution of said layer. 

19. The apparatus of Claim 18 wherein said control means has a determining portion for determining whether the 
surface information and film thickness distribution of said layer are within a preset allowable range. 

20. The apparatus of Claim 17 wherein said applying means has a semiconductor laser of variable coherent distance. 

21. The apparatus of Claim 17 wherein said control means finds the surface information of said layer from the difference 
between the intensity of the reflected light beam from each surface based on said first light beam and the intensity 
of the reflected light beam from each surface based on said second light beam. 

22. A polishing method of driving the surface of a layer provided on the surface of a substrate and polishing means 
having a polishing pad of an area smaller than that of the surface of said layer relative to each other to thereby 
polish said layer having: 

the detecting step of detecting the surface information of said layer by detecting means provided on a portion 
of said polishing means; and 

the controlling step of controlling the continuation or stoppage of the polishing of said layer on the basis of a 
signal from said detecting means. 

23. The method of Claim 22 wherein said polishing means is movable in a plane parallel to the surface of said layer, 
and said detecting step has the step of detecting the surface information of said layer by the utilization of position 
information from position detecting means for detecting the position information of said polishing means in said 
plane. 

24. The method of Claim 22 wherein said detecting step has the step of detecting the distance from the surface of 
said layer to a reference surface and measuring the film thickness of said layer 

25. The method of Claim 22 wherein said detecting step has the step of detecting the surface configuration and film 
thickness distribution of said layer, and said controlling step has the step of determining whether the surface con- 
figuration and film thickness distribution of said layer obtained from said detecting step are within a preset allowable 
range. 
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26. A polishing apparatus for polishing the surface of a layer provided on the surface of a substrate having: 

polishing means driven relative to the surface of said layer and having a polishing pad of an area smaller than 
that of the surface of said layer; and 

detecting means secured to said polishing means for detecting the surface information of said layer. 

27. The apparatus of Claim 26, wherein said polishing means is movable in a plane parallel to the surface of said 
layer, and has position detecting means for detecting the position information of said polishing means in said plane, 
and said detecting means utilizes the position information from said position detecting means to find the surface 
information of said layer. 

28. The apparatus of Claim 26 wherein said detecting means has distance measuring means for detecting the distance 
from the surface of said layer to a reference surface and measuring the film thickness of said layer 

29. The apparatus of Claim 26 having control means for controlling the continuation or stoppage of the polishing of 
said layer on the basis of a signal from said detecting means. 

30. The apparatus of Claim 29 wherein said detecting means has means for detecting the surface configuration and 
film thickness distribution of said layer, and said control means has a determining portion for determining whether 
the surface configuration and film thickness distribution of said layer obtained from said detecting means are within 
a preset allowable range. 
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FIG 3 A 




FIG. 3B 
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